Turkish Journal of Biology
Volume 37

Number 2

Article 4

1-1-2013

Toxicities of diuron and irgarol on the hatchability and early stage
development of Artemia salina
HAKAN ALYÜRÜK
LEVENT ÇAVAŞ

Follow this and additional works at: https://journals.tubitak.gov.tr/biology
Part of the Biology Commons

Recommended Citation
ALYÜRÜK, HAKAN and ÇAVAŞ, LEVENT (2013) "Toxicities of diuron and irgarol on the hatchability and
early stage development of Artemia salina," Turkish Journal of Biology: Vol. 37: No. 2, Article 4.
https://doi.org/10.3906/biy-1205-39
Available at: https://journals.tubitak.gov.tr/biology/vol37/iss2/4

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Biology by an authorized editor of TÜBİTAK Academic Journals. For more
information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Biology

Turk J Biol
(2013) 37: 151-157
© TÜBİTAK
doi:10.3906/biy-1205-39

http://journals.tubitak.gov.tr/biology/

Research Article

Toxicities of diuron and irgarol on the hatchability and early stage
development of Artemia salina
1

1

2,

Hakan ALYÜRÜK , Levent ÇAVAŞ *
Department of Chemistry, Graduate School of Natural and Applied Sciences, Dokuz Eylül University, Tınaztepe Campus, İzmir, Turkey
2
Department of Chemistry, Division of Biochemistry, Faculty of Science, Tınaztepe Campus, İzmir, Turkey
Received: 19.05.2012

Accepted: 03.09.2012

Published Online: 25.03.2013

Printed: 25.04.2013

Abstract: Booster biocides are widely used in antifouling paints as bioactive agents against fouling organisms. In previously published
reports, acute toxicity tests on Artemia salina (Linnaeus, 1758) were only focused on a part of the life cycle of the organism. The aim
of this study was to investigate the toxicities of diuron and irgarol on the hatching stage of A. salina. According to the results, diuron
significantly decreased the hatching percentage of A. salina cysts and prevented the hatching of larvae. The EC50 value for diuron was
found as 12.01 mg/L. On the other hand, irgarol had no effect on the hatching percentage and did not change the morphology of larvae.
Molecular docking experiments showed that diuron could be a potential hatching enzyme inhibitor. In conclusion, toxicities of booster
biocides should be tested not only on active nauplii but also at their hatching stage since diuron significantly decreased the hatching
percentage of A. salina in the present study.
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1. Introduction
Attachment of marine organisms to any artificial surface
in the marine environment is known as biofouling (1,2).
This biological event occurs mainly on marine vehicles
as well as on other artificial surfaces such as ship bilges,
underwater pipes and docks, sonar equipment, oil rigs,
cofferdams, and aquaculture cages (3,4). In order to prevent
biofouling, special marine paints, called antifouling paints,
are applied to ships’ hulls. Booster biocides are widely used
as bioactive agents in antifouling paints. The most common
booster biocides are chlorothalonil, dichlofluanid, diuron,
irgarol 1051, zinc pyrithione, thiram, ziram, maneb, zineb,
kathon 5287, TCMTB, and TCMS pyridine (5–8). These
biocides are used in self-polishing antifouling paints as
co-biocides. Irgarol (2-methylthio-4-tert-butylamino6-cyclopropylamino-s-triazine) is a symmetric triazine
compound and its environmental hazards have been widely
discussed in the literature. Irgarol is a photosynthesis
inhibitor that binds to the D1 protein at photosystem II
and it blocks electron transport (9–11). The half-lives of
irgarol in seawater and freshwater were reported as nearly
100 and 200 days, respectively (8,12). The maximum
irgarol concentrations at coastal areas were observed up
to 4.2 µg/L (13) and the highest irgarol concentration in
sediment samples from marinas was found to be 1 µg/g
* Correspondence: lcavas@deu.edu.tr

(14). Diuron (3-(3,4-dichlorophenyl)-1,1-dimethylurea) is
a substituted urea derivative and it also inhibits electron
flow in photosynthesis by reversibly binding to the QB
binding site of the D1 protein (15,16). Anaerobic halflives of diuron and CPDU were reported as 14 and 35
days, whereas half-lives of DCPMU and DCPU were
1 and 3 days (8,17). Diuron concentrations especially
increase in the yachting season (18) and the highest diuron
concentrations were found in Japan, Spain, and the United
Kingdom at up to 3054 ng/L, 2000 ng/L, and 6742 ng/L,
respectively (8). As a result of their harmful effects on
the marine ecosystem, the use of irgarol as an antifouling
paint ingredient in vessels lower than 25 m and the use
of diuron in any type of marine paint were banned in the
United Kingdom in November 2002 (19,20). Artemia
salina (Linnaeus, 1758), also known as brine shrimp, is an
invertebrate found in salt lakes and marine environments.
A. salina and other Artemia species have been used in the
literature for the screening of acute toxicities of booster
biocides (21–27), because of several important features
such as low cost, commercial availability of dry cysts, short
life cycle, high hatching ability, high adaptability to adverse
environmental conditions, and resistance to wide ranges of
toxic substances (24,28,29). Toxicities of booster biocides
were also reported on embryos of some marine organisms
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such as freshwater mussels, zebra mussels, blue mussels,
sea urchins, oysters, and sea squirts (30–34). Recently
developed computer tools have greatly contributed to
the understanding of ligand–protein interactions at the
molecular level (35,36). This study aimed to investigate the
toxicities of diuron and irgarol at the hatching stage of A.
salina. Alterations in morphological characteristics and
the possible inhibition of the hatching enzyme of A. salina
were also studied.
2. Materials and methods
2.1. Hatching procedure and toxicity tests
The diuron and irgarol used in the toxicity tests were
kindly provided by Moravia Marine and Industrial
Coatings Company, İstanbul, Turkey. Stock solutions of
diuron and irgarol were prepared by dissolving in DMSO
and then diluting them with artificial seawater up to
35‰ salinity. Maximum DMSO in test solutions did not
exceed 3%. The preliminary results showed that toxicities
of diuron and irgarol were observed at concentrations
higher than 1 mg/L compared to the control. On the other
hand, the highest concentration for irgarol was selected as
5 mg/L since the solubility of irgarol in water is 7 mg/L
(8). While the studied concentrations of irgarol were 1
and 5 mg/L, the concentrations of diuron were 1, 5, and 25
mg/L. The experiments were performed in 20 mL glass test
tubes within tube racks that were submerged into water
up to the midpoints of the tubes (Figure 1). Constant
aeration, illumination (2300 lx), and temperature (28 °C)
were maintained and the replicate number was 18 in the
experiments. In the hatching experiments, about 50 mg of
A. salina cysts were hydrated in 50 mL of distilled water
for 5 h at room temperature. For each test group, 10 mL
of test solution was transferred to 20 mL test tubes. Ten
hydrated cysts were added to test tubes at 20 µL volumes
and then a 24 h hatching period was initiated. After the
hatching period, hatching percentages (HPs) of cysts

Figure 1. Experimental setup for toxicity tests.
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were determined by counting the number of completely
hatched nauplii. Hatching failure (found by subtracting
the number of completely hatched nauplii from total group
size) data were used in the estimation of a 50% effective
concentration (EC50). EC50 values were determined by
using probit analysis (37) in Minitab 16.1.1.
2.2. Morphological analysis
Morphological disorders on nauplii and unhatched cysts
were investigated under an optical microscope (Olympus
BX51TF, 10× objective lens, zoom 1.00) after a 24 h
hatching period. Snapshots of nauplii and unhatched
cysts were recorded with a microscope camera (Olympus
DP25). Total body length for A. salina nauplii was also
measured by using the software (DP2-BSW 1.4) of the
optical microscope.
2.3. Molecular docking experiments on a serine protease
from Artemia franciscana
In our preliminary studies on the toxicity of diuron, it was
observed that some A. salina nauplii were unable to hatch
from their eggs. In the literature, serine proteases were
reported to act as hatching enzymes in A. salina (38). In
order to investigate the possible inhibition of the hatching
enzyme, serine protease of Artemia franciscana (UniProt
ID: A8D853) was modeled with side-chain conformation
prediction and homology modeling programs SCWRL
4.0 and MolIDE 1.6, respectively (39–41). The homology
model of the serine protease was built by selecting the
crystal structure of serine protease (collagenase) of Celuca
pugilator (Uniprot ID: P00771; PDB ID: 1AZZ) as the
template. Molecular docking studies were then performed
on the 3D model of the serine protease using LeadIT
v2.0.2 (BioSolveIT) in default settings (42). A 3D structure
of diuron (CID 3120) was retrieved from the PUBMED
Compound Database in SDF format. The binding score
for diuron was calculated with the HYDE scoring function
of LeadIT v2.0.2. Docking results of interactions between
diuron and the binding site were viewed with the PoseView
program in 2D (43). A substrate binding site of the serine
protease was predicted after the BLAST search and the site
was found with a conserved domain search in the BLAST
search results page (44,45).
2.4. Statistical analysis
Multiple comparison analysis of HP data was performed
with a one-way ANOVA followed by the Tukey test in
Minitab 16.1.1.
3. Results and discussion
According to the HP results, irgarol had no effect on
the hatching stage of A. salina cysts even at the highest
concentration available in saline water (Figure 2). In
addition, there were no differences between test groups
and the control. HPs for the control and 1 and 5 mg/L
irgarol groups were 68.3 ± 3.3%, 63.9 ± 3.1%, and
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Figure 2. Hatching percentages of A. salina cysts exposed to
different irgarol concentrations. Error bars indicate standard
error of the mean. According to one-way ANOVA results, there
was no significant difference between data groups.

54.4 ± 5.8%, respectively. On the other hand, diuron
significantly decreased the HPs of A. salina cysts at studied
concentrations (Figure 3). While HPs of the control and 1
mg/L diuron-treated groups were not remarkably different
from each other, a statistically significant decrease in HP
of the 25 mg/L diuron-treated group was observed and the
hatching percentage of this group was found to be 33.9 ±
2.8% (P < 0.05). Diuron had more effect than irgarol on the
HP of A. salina cysts.
According to the results of probit analysis, the EC50 value
for diuron was 12.01 mg/L. However, it was not possible to
calculate the EC50 value for irgarol, because irgarol did not
show noticeable toxicity even at a concentration very close
to its solubility limit. Since there were few studies on the
inhibition of the hatching percentage of A. salina, it was
not possible to compare the EC50 value of diuron with other
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Figure 3. Hatching percentages of A. salina cysts exposed to
different diuron concentrations. Error bars indicate standard
error of the mean. According to one-way ANOVA results, there
were statistically significant differences between data groups.

biocides. In the scientific literature, the inhibitory effects
of different toxicants such as metals have been reported on
the hatching percentage of A. salina (46,47), but they were
different from compounds tested in the present study.
According to the results of morphological analysis, the
morphologies of the test group treated with irgarol were
not different compared to the control group (Figure 4).
This result also confirms the HP result of irgarol-treated
test groups. On the other hand, diuron did not alter the
morphology of cysts or nauplii but affected the hatching
ability of cysts. As can be seen from Figure 4, some
nauplii exposed to the 25 mg/L diuron concentration were
unable to break the cyst wall completely. Retardations
and arrestments were observed on developing Artemia
embryos exposed to diuron at the prenauplius E-1 and
E-2 stages. Total lengths of newly hatched nauplii were not
affected by irgarol and diuron (Table). Mean total length
for the control group was 0.54 ± 0.01 mm. Similarly,
mean total lengths for 5 mg/L irgarol-treated and 25 mg/L
diuron-treated groups were 0.54 ± 0.01 and 0.56 ± 0.02
mm, respectively. These results indicated that diuron and
irgarol had no effect on the total body length of A. salina
nauplii.
Before the preparation of the homology model for
the serine protease, a multiple sequence alignment was
performed between serine proteases of A. franciscana and
C. pugilator with Clustal Omega (48,49). The multiple
sequence alignment showed that the active site of serine
protease from C. pugilator was very similar to serine
protease in A. franciscana. The secondary structure of the
serine protease of A. franciscana was also very close to that
of C. pugilator (data not shown). According to the molecular
docking results, the most probable binding site for diuron
was located within the binding site of the substrate (Figure
5). Among 244 possible binding conformations, the most
probable conformation was selected using the HYDE scoring
function and the binding affinity (ΔG) for diuron was found
as –35 kJ/mol. Diuron was found to form hydrogen bonds
with Ile151, Ser186, and Phe187. Diuron was also in contact
with Leu153, Val161, Leu170, Gly183, Val184, and Thr185
via hydrophobic interactions (Figure 5).
Diuron and irgarol are used as herbicides due to
their inhibitory activity on D1 protein in photosystem II.
These herbicides are also used in antifouling paints as cobiocides to prevent biofouling on ships’ hulls. However,
their negative effects have been reported on several
nontarget organisms in the literature (30–34). Irgarol was
reported as the least toxic biocide among other biocides
studied in the literature. In this paper, the inhibitory
activities of diuron and irgarol on the hatching percentage
of A. salina and morphological changes in nauplii after the
hatching period, and also the possible inhibitory activity
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Figure 4. Morphological characteristics of A. salina nauplii after 24 h of exposure: a) control, b) DMSOcontaining control, c) 1 mg/L irgarol, d) 5 mg/L irgarol, e) 5 mg/L diuron, f) 25 mg/L diuron, and g) 25
mg/L diuron.
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Table. Total length of newly hatched nauplii after 24 h hatching period in different irgarol and diuron concentrations (N:
population number, SEM: standard error of mean).
Concentration

N

Mean ± SEM (mm)

Minimum (mm)

Maximum (mm)

Control

12

0.54 ± 0.01

0.51

0.59

1 mg/L irgarol

12

0.53 ± 0.01

0.51

0.60

5 mg/L irgarol

12

0.54 ± 0.01

0.51

0.59

5 mg/L diuron

12

0.53 ± 0.01

0.49

0.57

25 mg/L diuron

12

0.56 ± 0.02

0.52

0.73

a

b

c

Figure 5. Molecular model of a serine protease of A. franciscana docked with diuron: a) overall view, b) close view indicating
molecular interactions between amino acid side-chains and diuron, and c) 2D representation of interactions between sidechains of amino acids located at the catalytic site and diuron.
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of diuron on the hatching enzymes or serine proteases of
A. franciscana, were investigated. Irgarol had no effect on
the hatching percentage of A. salina cysts. Low solubility of
irgarol in water (7 mg/L) and its highly hydrophobic nature
(8) might be major factors in this observation. On the other
hand, diuron was more toxic than irgarol and the EC50
value of diuron was found to be 12.01 mg/L. The effect of
diuron on the HP can be explained by the higher solubility
of diuron in water (35 mg/L) and a polar urea skeleton
being a main functional group in its structure (8). Irgarol
and diuron did not change the morphology of larvae, but a
major percentage of A. salina nauplii exposed to diuron were
unable to break their cyst wall. Thus, our suggestion for the
mechanism of action for diuron is the possible inhibition
of the hatching enzyme of A. salina. It was reported that
the hatching enzyme from Penaeus chinensis showed
choriolytic activity in addition to proteolytic activity (50). A
similar mechanism and biological activity could be valid for
serine proteases of Artemia sp. In the literature, the hatching
enzyme of A. salina (AHE) was purified and characterized
(38). Fan et al. (38) also studied the inhibition of AHE

with known serine protease inhibitors. According to Fan
et al. (38), soybean trypsin inhibitor and p-amidinophenyl
methane sulfonyl fluoride hydrochloride (p-APMSF) were
found to inhibit AHE completely. In molecular docking
experiments, it was observed that diuron was able to bind
to the serine protease from the substrate binding site and it
was also in strong contact with surrounding amino acids at
the active site. Therefore, diuron could be a potent inhibitor
of serine protease from A. salina. Since our suggestion
depends only on in silico molecular docking results, it
should be investigated and supported by further hatching
enzyme inhibition kinetics experiments.
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